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The molecule of the title complex, [Ni2(C2iHi5N305)2- 
(1-120)4] ■4C3H7NO, is located on an inversion centre. This 
results in a dimeric Ni" complex, with the two Ni" atoms 
bridged by phenolate O atoms. The tridentate ligand is 
chelated to each Ni" atom via one N and two O atoms of the 
iminolate form of the hydrazide moiety, which has the same 
conformation as the free ligand. The coordination geometry 
around each Ni" ion is sUghtly distorted octahedral. A 
supramolecular three-dimensional architecture is created by 
dominant intermolecular O— H - N, O— H- ■ O and C— 
H- ■ O hydrogen-bonding interactions. These are augmented 
by two C— H- ■ -JT interactions and a jr-jr interaction with a 
centroid-centroid distance of 3.681 (2) A. 

Related literature 

For biological applications of hydrazinecarboxamide and its 
derivatives, see: Lakshmi et al. (2011); Prasanna & Kumar 
(2013); Singh et al. (2007); Naseema et al. (2010). For the 
synthesis of related compounds, see: Joseph et al. (2013). For 
related structures, see: Joseph et al. (2012); Raj & Kurup 
(2007). For standard bond lengths, see: Allen et al. (1987). 
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Experimental 

Crystal data 

[Ni2(C2iH,5N305)2(H20)4]- 

4C3H7NO 
Mr = 1260.55 
Triclinic, PI 
a = 8.4939 (3) A 
b = 12.5451 (6) A 
c = 14.6717 (6) A 
a = 81.662 (2)° 

Data collection 

Bruker Kappa APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Bruker, 2004) 
r„i„ = 0.763, r„^„ = 0.870 



Refinement 

R[F^ > 2a{F^)] = 0.048 

wR(F^) = 0.138 

S = 1.02 

6785 reflections 



^ = 75.613 (1)° 

Y = 79.442 (1)° 

V = 1480.56 (11) a' 
Z= 1 

Mo Ka radiation 
11 = 0.72 mm"' 
r = 293 K 

0.40 X 0.25 X 0.20 mm 



11081 measured reflections 
6571 independent reflections 6785 
4713 reflections with / > 2cr(/) 
Ri„, = 0.025 



383 parameters 

H-atom parameters constrained 
Ap„ax = 0.44 e A"' 
Ap„i„ = -0.42 e A"^ 



Table 1 

Hydrogen-bond geometry (A, °). 

Cg4 and CgS are the centroids of the C1-C6 and C9-C14 rings, respectively. 



D-H-A 


D-H 


H---A 


D---A 


D-H- - A 


01W-H11-06 


0.84 


2.00 


2.702 (4) 


140 


01W-H12-07 


0.84 


1.98 


2.674 (4) 


139 


02W-H21-01W' 


0.84 


2.40 


2.862 (2) 


115 


02W-H22- ■ ■N2" 


0.84 


2.43 


2.908 (3) 


117 


C2-H2- ■ 03' 


0.93 


2.36 


3.217 (3) 


153 


C18-H18- ■ 07"' 


0.93 


2.43 


3.257 (6) 


147 


C26-H26B- ■ 05™ 


0.96 


2.56 


3.320 (8) 


136 


C22-H22yl- ■ ■C.i;4 


0.93 


2.95 


3.440 (5) 


115 


C23-H23B- ■ CgS" 


0.96 


2.94 


3.89 (8) 


172 


Symmetry codes: (i) - 
(iv) x+ l,y,z; (v) — .V 


-x+l,-v + l,-z- 
+ 1, -v+ 1, -z. 


f 1; (li) -.V, 


-y + l,-z + l; (iii; 


) X- l,y,z; 



Data collection: APEX2 (Bruker, 2004); cell refinement: APEX2 
and SAINT (Bruker, 2004); data reduction: SAINT and XPREP 
(Bruker, 2004); program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SIIELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows 
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(Farrugia, 2012) and DIAMOND (Brandenburg, 2010); software used 
to prepare material for publication: SHELXL97 and publCIF 
(Westrip, 2010). 
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Supporting information for this paper is available from the lUCr 
electronic archives (Reference: FJ2672). 
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Bis{//-/V-[(f)-4-benzyloxy-2-oxidobenzylidene]-4-nitrobenzene- 
carbohydrazidato}bis[diaquanickel(ll)] dimethylformamide tetrasolvate 

Bibitha Joseph^ M. Sithambaresan^ M. R. Prathapachandra Kurup and Seik Weng Ng 

1 . Comment 

Hydrazones and their nickel complexes have been shown to possess a diverse range of biological activities (Lakshmi et 
al., 2011; Prasanna & Kumar, 2013). In most cases, the metal complexes show more antibacterial activity compared to 
their parent ligands (Singh et al, 2007). They also have applications in chemical processes like non-linear optics, sensors 
etc (Naseema et al, 2010). 

The title complex [C42H38N6Ni20i4]-4(C3H7NO) has a dimeric structure. This is generated by the unique part of the Ni" 
complex (Fig. 1) bridging two Ni atoms through phenolate O atoms. The molecule adopts an E configuration with respect 
to C7=N1 bond and the tridentate Ugand has its coordinating entities disposed in a cis fashion to each other. The Ni atom 

in the complex is N,0,0' chelated by the iminolate form of the hydrazide ligand. The C7=N1 [1.272 (3) A] and CI 5-03 
[1.282 (3) A] bond distances are very close to the formal C=N and C-0 bond lengths (Allen et al, 1987) respectively 
confirming the azomethine bond formation and the coordination via iminolate form. The coordination geometry around 
each Ni" ion is octahedral with a slight distortion. The hydrazide moiety of the free ligand is coordinated to each Ni atom 
via iminolate form of the hydrazide moiety without changing its configuration (Joseph et al, 2012; Raj & Kurup, 2007; 
Joseph ef a/., 2013). 

There are seven 0-H—N, 0-H— O and C-H—0 intermolecular (classical and non-classical) hydrogen bonding 

interactions (Table 1), which interconnect the neighbouring complex and the solvent DMF molecules with D - A distances 
of 2.702 (4), 2.674 (4), 2.862 (3), 2.908 (3), 3.217 (3), 3.257 (6) and 3.320 (8) A (Fig. 2). Two C-H-;r interactions with 
H---Cg distances of 3.440 (5) and 3.894 (7) A progressing along c axis and a n---K interaction (Fig. 3) with a Cg- -Cg 
distance of 3.681 (2) A progressing along b axis also support the dominant intermolecular hydrogen bonding interactions 
to estabUsh a supramolecular three-dimensional network in the crystal system. Fig. 4 shows the packing diagram of the 
title compound along b axis. 

2. Experimental 

The title complex was prepared by adapting a reported procedure (Joseph et al, 2013) by mixing hot methanolic 
solutions of 7V-[(£)-4-benzyloxy-2-hydroxybenzylidene]-4-nitrobenzohydrazide dimethylformamide monosolvate (0.464 
g, 1 mmol) and Ni(OAc)2-4H20 (0.248 g, 1 mmol) for 4 h. On cooling, brown colored product formed were collected, 
washed with few drops of methanol and dried over P4O10 in vacuo. Single crystals of the title compound suitable for X- 
ray analysis were obtained by recrystallization from a mixture of methanol and dimethylformamide (1:1 v/v). The 
compound was obtamed in 65% yield (0.857 g). 
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3. Refinement 

All H atoms on C were placed in calculated positions, guided by difference maps, with C — H bond distances of 0.93- 
0.97 A. H atoms were assigned C/iso(H) values of 1.2Ueq(carrier). Omitted owing to bad disagreement was reflections (0 - 
1 1), (0 1 1), (0 0 1) and (0 1 0). 

C11 




Figure 1 

ORTEP view of the unique part of the compound, drawn with 50% probability displacement ellipsoids for the non-H 
atoms. 




Figure 2 

Graphical representation showing hydrogen bonding interactions in the crystal structure of [C42H38N6Ni20i4]-4(C3H7NO). 
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Figure 3 

C-H- -;r and if-n interactions found in the title compound. 




Figure 4 

A view of the unit cell along b axis. 
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Bis{/i-yV-[(f)-4-benzyloxy-2-oxidobenzylidene]-4-nitrobenzenecarbohydrazidato}bis[diaquanickel(ll)] 
dimethylformamide tetrasolvate 



Crystal data 

[Ni2(C2lH,5N305)2(H20)4]-4C3H7NO 

M,= 1260.55 
Triclinic, PI 
Hall symbol: -P 1 
a = 8.4939 (3) A 
ft = 12.5451 (6) A 
c= 14.6717(6) A 
a = 81.662 (2)° 
A = 75.613(1)° 
7 = 79.442(1)° 
F= 1480.56 (11) A' 

Data collection 

Bruker Kappa APEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 8.33 pixels mm"' 
CO and (p scan 

Absorption correction: multi-scan 

(SADABS; Bruker, 2004) 
T^n, = 0.763, = 0.870 

Refinement 

Refinement on P- 

Least-squares matrix: full 

R[F^ > 2(7(i^)] = 0.048 

w/?(7^) = 0.138 

5= 1.02 

6785 reflections 

383 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Z= 1 

F(000) = 660 

Dx= 1.414 Mgm-3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 3205 reflections 

61 = 2.9-26.1° 

ju = 0.72 mm"' 

r=293K 

Block, brown 

0.40 X 0.25 X 0.20 mm 



11081 measured reflections 
6571 independent reflections 
4713 reflections withl>2a{l) 
Rint = 0.025 

(9n,ax = 27.5°, dtma = 2.6° 

h = -n->-6 

A: = -16^16 
/ = -19^16 



Secondary atom site location: difference Fourier 

map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/[ct\F„^) + (0.072 1P)2 + 0.2776P] 

where P^iFo^ + 2F,y3 
(A/ff)„^ = 0.001 
Apmax = 0.44 e A-3 
Apnin = -0.42 e A-3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of ^ against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > o(/^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. Tv'-factors based on 7^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 



X y Z ^so*/^eq 

Nil 0.32132(3) 0.56165 (3) 0.52457(2) 0.03177(13) 

01 0.47991 (19) 0.48838(15) 0.41614(12) 0.0316(4) 
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0, 


.7171 (5) 


A AC 1 T /'>\ 

0.0517 (3) 


A 1 1 1 /I 0\ 

0.1112 (18) 




Hz4A 


A CAOO 


A 


.o53o 


0.0 /ZD 


A 1 




Hz4B 


A C AA"? 

0.5903 


A 

0 


n £. A A 

.7649 


A AAO-^ 

0.0082 


0.167* 




TT^ /I /~1 

H24C 


r\ A A A A 

0.4490 


A 

0 


/TAC C 

.6955 


A A'^AO 

0.0208 


0.167* 




C25 


A A O A A /'0\ 

0.1844 (8) 


0 


A A AO /C\ 

.9403 (5) 


A C T 1 1 f C\ 

0.5711 (5) 


A 1 1 T 

0.117 (2) 




HZD 


0.0983 


0 


AA/1 n 


O.JOVO 


A 1 /I A* 

0.140^ 




Czo 


0.2699 (10) 


1 


AA^A { C\ 

.0969 (5) 


0.6094 (5) 


A 1 C /I {">\ 

0.154 (3) 




H26A 


0.3686 


1 


AT A 1 

.0741 


A C/"1 O 

0.5638 


0.231* 




rlZDlj 


0.2919 


1 




W.D / VJ 






H26C 


0.2327 


1 


.1731 


0.5948 


0.231* 




C27 


-0.0180(10) 1 


.0771 (7) 


0.6473 (7) 


0.231 (6) 




H27A 


-0.0907 


1 


.0479 


0.6201 


0.347* 




H27B 


-0.0347 


1 


.1551 


0.6353 


0.347* 




H27C 


-0.0405 


1 


.0565 


0.7143 


0.347* 




Atomic displacement parameters (A^) 
















Nil 


0.01855 (17) 


0.0461 (2) 


0.0311 (2) 


0.00660 (13) 


-0.00672 (12) 


-0.01827 (16) 


01 


0.0220 (8) 


0.0457 (11) 


0.0290 (9) 


0.0055 (7) 


-0.0087 (7) 


-0.0184 (8) 


02 


0.0481 (13) 


0.146 (3) 


0.0468 (14) 


0.0433 (15) 


-0.0216(11) 


-0.0589 (16) 


03 


0.0269 (9) 


0.0638 (14) 


0.0375(11) 


0.0146 (9) 


-0.0110(8) 


-0.0266 (10) 


04 


0.112(3) 


0.172 (4) 


0.078 (2) 


0.064 (3) 


0.000 (2) 


-0.070 (3) 


05 


0.0563 (18) 


0.172 (4) 


0.112(3) 


0.052 (2) 


0.0070(18) 


-0.047 (3) 


06 


0.102 (2) 


0.088 (2) 


0.0554 (17) 


-0.0048 (17) 


-0.0103 (16) 


-0.0082 (16) 


07 


0.107 (3) 


0.082 (2) 


0.141 (3) 


0.0190(19) 


-0.040 (2) 


-0.057 (2) 


OIW 


0.0339 (9) 


0.0425 (12) 


0.0517(13) 


0.0051 (8) 


-0.0118(9) 


-0.0151 (10) 


02W 


0.0310(9) 


0.0549 (13) 


0.0406(11) 


-0.0009 (9) 


-0.0097 (8) 


-0.0127 (10) 


Nl 


0.0199 (9) 


0.0416(13) 


0.0329 (12) 


0.0058 (9) 


-0.0055 (8) 


-0.0154 (10) 


N2 


0.0183 (9) 


0.0465 (14) 


0.0357 (13) 


0.0085 (9) 


-0.0059 (9) 


-0.0154(11) 


N3 


0.068 (2) 


0.098 (3) 


0.063 (2) 


0.040 (2) 


0.0104(18) 


-0.018 (2) 


N4 


0.077 (2) 


0.086 (3) 


0.059 (2) 


-0.0139(19) 


-0.0130(17) 


-0.0139(19) 


N5 


0.122 (3) 


0.056 (2) 


0.092 (3) 


0.019(2) 


0.013 (3) 


-0.009 (2) 


CI 


0.0273 (12) 


0.0396 (16) 


0.0297 (14) 


0.0007(11) 


-0.0080 (10) 


-0.0129(12) 


C2 


0.0291 (13) 


0.062 (2) 


0.0350 (15) 


0.0114(13) 


-0.0103 (11) 


-0.0213 (14) 


C3 


0.0397 (16) 


0.090 (3) 


0.0365 (17) 


0.0191 (16) 


-0.0108 (13) 


-0.0355 (18) 


C4 


0.0478 (17) 


0.105 (3) 


0.0419(18) 


0.0241 (18) 


-0.0237 (14) 


-0.041 (2) 


C5 


0.0361 (15) 


0.085 (3) 


0.0425 (18) 


0.0159(15) 


-0.0205 (13) 


-0.0292 (18) 


C6 


0.0293 (12) 


0.0473 (17) 


0.0312(14) 


0.0022(11) 


-0.0098(11) 


-0.0154(13) 


C7 


0.0231 (12) 


0.0492 (18) 


0.0375 (15) 


0.0063 (11) 


-0.0126(11) 


-0.0153 (13) 
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Co 


U.U4ZC (loj 


A 1 OO //lA 

U.lzo (4) 


A A^^ /OA 

U.U33 (Z ) 


A AlO /OA 

U.Uj / (z) 


A A1 OC /I /lA 

— U.Ul / J (loj 


A ACA /OA 

— U.U5U (z j 


cy 


(J.U44i (lis) 


A 1 T A /^/l \ 

0.1 3U (4) 


A ACO /OA 

O.Odz (/) 


A AO A /OA 

0.030 (z) 


A A 1 O 1 /I /CA 

— U.Ulol (16) 


A ACA /OA 

— U.U3U (z) 


ClU 


U.Udz (z) 


A 1 1 O A 

0.113 (4) 


A AO/I t1\ 

U.Uo4 (j) 


A A 1 £ /OA 

O.U Id (z) 


A AAO /OA 

— 0.00 / (z) 


A AC/I /■OA 

— U.Ud4 (3) 




A A^O 


A 1 11 iz\ 

U.loo (D) 


A 1 1 O //I A 

U.il / (4) 


A A1 O C1\ 

U.Ul / (3) 


A AA/^ /'5A 

— U.UUo (J) 


A AO 1 //I A 

U.Uol (4) 


1 o 


A A^^ /"2^ 


A OAO /'OA 

u.zuy ( /) 


A A01 //I A 
U.Uyi (4) 


A AO 1 /1A 
U.Uzl (J ) 


A AA/C (1\ 

—U.UUO \i) 


A AGO /CA 

—U.uyo (5) 


^ 1 "J 
C13 


A f\n£i /i\ 
U.U/o (3j 


A OAA /0\ 

O.zOO (/) 


A r\^n /1A 
O.Oo/ (3) 


A A /I 1 //I A 

0.041 (4) 


A A 1 O /OA 
— O.OlZ (Z) 


A ACO //I A 

— U.Ujz (4) 


Cl4 


A ATC /"IX 

(J.(J/3 (3; 


A 1 an 
O.lo/ (5) 


A A/C/l /"lA 

0.0o4 (j) 


A AC/I /OA 

0.034 (i) 


A AOA /OA 

(z) 


A A/IA /OA 

— o.U4y (J) 




U.UZJD (iz) 


A A'5 AO /I 

U.Ujys (Id) 


A A'} /;o / 1 CA 

U.Ujoz (ij) 


A A A 1 / 1 1 A 

U.UUlo (11) 


A AAA/C / 1 1 A 

— U.UUUo (11) 


A A10C /10A 

— U.013D (Iz) 




u.Uzyj (i j) 


A A/im /I OA 

u.u4yj (io) 


A AQ /I /;a 

u.ujjy (loj 


A AA/;i /I OA 

U.UUol (Iz) 


A AAOA /I 1 A 
—\}.\J\j2.\} (1 1 j 


A A1 11/1 /lA 

— U.Ulll (14) 


CI / 


A A'3/1'7 /I C\ 

U.U34/ (15) 


A AA /I /"J \ 

0.0y4 (3) 


A A^ A /O \ 

O.OoU (z) 


A AO 11 /I OA 

O.Uzll (1 /) 


AA11/C/1CA 

— U.U116 (Id) 


A A/1 A /OA 

— U.U4U (Z) 


Cio 


U.(J344 (loj 


A 1 AA t1\ 

o.loy (3) 


A C\'11 /'2A 

0.0/3 (3) 


A AO /II /I AA 

o.uzoi (ly) 


A A AAA /I /CA 

— u.uuyy (16) 


A AO /I /OA 

— U.U34 (z) 




A A /I /I T\ 

U.U44Z (i /) 


A A/^O /OA 

O.Uoo (z) 


A A /I O /OA 

0.U4 / (z) 


A AO 1 O / 1 /lA 

U.Uzlo (Id) 


A AAOO /I CA 
O.UU /Z (1 j) 


A A 1 /I O /I OA 

-0.0148 (lo) 


/"'OA 

CzU 


U.Uo/ (zj 


A AO/; /'2A 

u.uyo (j ) 


A A/IO /OA 

u.U4y (Z) 


A AOC /OA 
U.UZD (z) 


A AAOO /I OA 

— u.uuoy (lo) 


A AO/C /OA 

— U.Ujo (z) 




A A/I AO /"I OA 
(J.U4UZ (1 /) 


A Am /'3A 

0.0y3 (3) 


A AC/I /OA 

U.034 (Z) 


A AO /I O / 1 OA 

0.0z48 (1 /) 


A A1 0'3 /I CA 

— O.UlZi (ID) 


A AOO /OA 

— 0.03z (z) 




A AT? /'JA 

U.U 1 i yi) 


A AO 1 /'3 A 

O.U /I (j) 


A a/:a /'5A 
O.OOy (3) 


A A 1 /: /OA 

—0.0 Id (z) 


A A 1 O /OA 

— U.Olz (z) 


A AA1 /OA 

—0.001 (Z) 


C23 


0.138 (5) 


0.181 (7) 


0.083 (4) 


0.036 (5) 


-0.040 (4) 


-0.012 (4) 


C24 


0.130(4) 


0.131 (5) 


0.070 (3) 


-0.017 (4) 


-0.006 (3) 


-0.035 (3) 


C25 


0.102 (4) 


0.094 (4) 


0.150(6) 


0.002 (3) 


-0.032 (4) 


-0.015 (4) 


C26 


0.242 (9) 


0.095 (5) 


0.125 (6) 


-0.042 (5) 


-0.029 (6) 


-0.015 (4) 


C27 


0.173 (8) 


0.199 (9) 


0.211 (10) 


0.069 (7) 


0.072 (7) 


0.010 (7) 



Geometric parameters (A, °) 



Nil— Nl 


1.974(2) 


C8— C9 


1.505 (4) 


Nil— 01 


2.0237 (16) 


C8— H8A 


0.9700 


Nil— 03 


2.0335 (17) 


C8— H8B 


0.9700 


Nil— 01' 


2.0456 (16) 


C9— C14 


1.374 (7) 


Nil— 02W 


2.136(2) 


C9— CIO 


1.383 (6) 


Nil— OIW 


2.147(2) 


CIO— Cll 


1.389 (6) 


Ol— CI 


1.323 (3) 


CIO— HIO 


0.9300 


Ol— Nil' 


2.0456(16) 


Cll— C 12 


1.383 (8) 


02— C3 


1.372 (3) 


Cll— HllA 


0.9300 


02— C8 


1.434(4) 


C12— C13 


1.366 (8) 


03— C15 


1.282 (3) 


C12— H12A 


0.9300 


04— N3 


1.197 (5) 


C13— C14 


1.416 (6) 


05— N3 


1.215 (5) 


C13— H13 


0.9300 


06— C22 


1.225 (5) 


C14— H14 


0.9300 


07— C25 


1.186 (6) 


C15— C16 


1.494 (3) 


OIW— HI 1 


0.8400 


C16— C17 


1.373 (4) 


OIW— H12 


0.8400 


C16— C21 


1.377 (5) 


02W— H21 


0.8400 


C17— C18 


1.377 (4) 


02W— H22 


0.8400 


C17— H17 


0.9300 


Nl— C7 


1.272 (3) 


CIS— C19 


1.345 (5) 


Nl— N2 


1.399 (3) 


CIS— H18 


0.9300 


N2— C15 


1.311 (3) 


C19— C20 


1.352 (5) 


N3— C19 


1.474(4) 


C20— C21 


1.384 (4) 


N4— C22 


1.299 (5) 


C20— H20 


0.9300 


N4— C23 


1.421 (6) 


C21— H21A 


0.9300 


N4— C24 


1.447 (5) 


C22— H22A 


0.9300 


N5— C25 


1.326(7) 


C23— H23A 


0.9600 
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N5— C27 
N5— C26 
CI— C2 
CI— C6 
C2— C3 
C2— H2 
C3— C4 
C4— C5 
C4— H4 
C5— C6 
C5— H5 
C6— C7 
C7— H7 



1.405 (7) 
1.426 (8) 
1.405 (3) 
1.417(3) 
1.369 (4) 
0.9300 
1.393 (4) 
1.363 (4) 
0.9300 
1.396 (4) 
0.9300 
1.440 (3) 
0.9300 



C23- 
C23- 
C24- 
C24- 
C24- 
C25- 
C26- 
C26- 
C26- 
C27- 
C27- 
C27- 



-H23B 

-H23C 

-H24A 

-H24B 

-H24C 

-H25 

-H26A 

-H26B 

-H26C 

-H27A 

-H27B 

-H27C 



0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9300 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 



Nl— Nil— 01 
Nl— Nil— 03 
Ol— Nil— 03 
Nl— Nil— 01' 
01— Nil— 01' 
03— Nil— or 
Nl— Nil— 02W 
01— Nil— 02W 
03— Nil— 02W 
Ol'— Nil— 02W 
Nl— Nil— OIW 
01— Nil— 01 W 

03— Nil— OIW 
01'— Nil— OIW 
02W— Nil— OIW 
CI— 01— Nil 
CI— Ol— Nil' 
Nil— 01— Nil' 
C3— 02— C8 
C15— 03— Nil 
Nil— OIW— HI 1 
Nil— OIW— H12 
Hll— OIW— H12 
Nil— 02W— H21 
Nil— 02W— H22 
H21— 02W— H22 
C7— Nl— N2 
C7— Nl— Nil 
N2— Nl— Nil 
C15— N2— Nl 

04— N3— 05 

04— N3— C19 

05— N3— C19 
C22— N4— C23 
C22— N4— C24 



91.70 (8) 
79.10(8) 

170.70 (7) 
171.98 (7) 
80.54 (7) 

108.71 (7) 
91.81 (9) 
88.30 (7) 
93.27 (8) 
85.99 (7) 
92.89 (9) 
87.03 (8) 
92.07 (8) 
88.74 (7) 
173.47 (7) 
126.65 (14) 
133.85 (14) 
99.46 (7) 
117.0(2) 
109.58 (16) 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
117.2(2) 
127.20 (16) 
115.54(16) 
109.52 (19) 

123.2 (3) 
119.1 (4) 
117.7(4) 
120.6 (4) 

122.3 (4) 



CIO— C9— C8 
C9— CIO— Cll 
C9— CIO— HIO 
Cll— CIO— HIO 
C12— Cll— CIO 
C12— Cll— HllA 
CIO— Cll— HllA 
C13— C12— Cll 
C13— C12— H12A 
Cll— C12— H12A 
C12— C13— C14 
C12— C13— H13 
C14— C13— H13 
C9— C14— C13 
C9— C14— H14 
C13— C14— H14 
03— C15— N2 
03— C15— C16 
N2— C15— C16 
C17— C16— C21 
C17— C16— C15 
C21— C16— C15 
C16— C17— C18 
C16— C17— H17 
C18— C17— H17 
C19— C18— C17 
C19— C18— H18 
C17— C18— H18 
C18— C19— C20 
C18— C19— N3 
C20— C19— N3 
C19— C20— C21 
C19— C20— H20 
C21— C20— H20 
C16— C21— C20 



119.3 (4) 
119.8(5) 
120.1 
120.1 

119.1 (5) 
120.4 
120.4 

122.2 (4) 
118.9 
118.9 

118.3 (6) 
120.9 
120.9 
120.0 (5) 
120.0 
120.0 

126.2 (2) 
116.9(2) 
116.9(2) 

117.7 (3) 
122.6 (3) 
119.7(2) 

121.3 (3) 
119.4 
119.4 
119.2 (3) 
120.4 
120.4 
122.0 (3) 
119.2 (3) 

118.8 (4) 
118.6(4) 
120.7 
120.7 
121.2 (3) 
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/^T? XT/1 A 


1 ^ n ^ / a\ 

117.1 (4) 


1 1 TT'l 1 A 

C 1 6 — C2 1 — H2 1 A 


1 1 r\ yl 

119.4 


C25 — N5 — C27 


121.3 (7) 


C20 — C21 — H21A 


119.4 


C25 — ^N5 — C26 


121.2 (5) 


06 — C22 — N4 


126.3 (4) 


C27 — ^N5 — C26 


117.5 (6) 


06 — C22 — ^H22A 


1 1 Z" o 

116.8 


Ul — CI — C 2 


118.7 (2) 


XTyl /^OO TTT^ A 

N 4 — C22 — H22 A 


1 1 ^ O 

116.8 


Ol — CI — C6 


122.7 (2) 


N4 — C23 — H23A 


109.5 


C2 — CI — Co 


118.0 (2) 


XT/I /"^'^■^ TT'^'>T^ 

N4 — C23 — H23B 


1 AA C 

109.5 


C3 — C2 — CI 


120.8 (2) 


H23A — C23 — H23B 


109.5 


Ty^ 

Cj — Cz — Hz 


119.0 


N 4 — C2 3 — H2 3 C 


1 AA C 

109.5 


CI — C2 — H2 


119.6 


H23A — C23 — H23C 


109.5 


C2 — C3 — 02 


125.0 (3) 


H23B — C23 — ^H23C 


1 AA C 

109.5 


C2 — C3 — C4 


121.4 (3) 


XT /I /^'^ A TT^/1 A 

N4 — C24 — H24A 


1 AA C 

109.5 


02 — C3 — C4 


113.7 (3) 


XT/t /^'l /I TT'^ylTJ 

N4 — C24 — H24B 


1 AA C 

109.5 


C5 — C4 — C3 


117.8 (3) 


H24A — C24 — H24B 


1 AA C 

109.5 


C5 — C4 — H4 


121.1 


XT /I A T yl 

N4 — C24 — H24C 


109.5 


C3 — C4 — H4 


121.1 


H24A — C24 — H24C 


109.5 


C4 — C5 — Co 


123.0 (3) 


H24B — C24 — H24C 


1 AA C 

109.5 


C4 — C5 — H5 


118.2 


07 — C25 — ^N5 


1 C A / /'\ 

125.0 (6) 


C6 — C5 — H5 


118.2 


07 — C25 — H25 


117.5 


r~*c r^£. /"'I 

C5 — Co — CI 


117.8 (2) 


N5 — C25 — H25 


1 1 T C 

117.5 


C5 — Co — C7 


116.1 (2) 


XTC Ty^^ A 

N5 — C26 — ^H2oA 


109.5 


Cl — Co — C7 


126.0 (2) 


N5 — C26 — H26B 


1 A A C 

109.5 


XT 1 /' 

Nl — C7 — Co 


125.6 (2) 


H26A — C26 — H26B 


109.5 


XT1 t~^n TTT 

N 1 — C7 — H7 


1 1 T T 

117.2 


N5 — C26 — ^H26C 


1 AA C 

109.5 


r^£. r^n nn 

Co — C7 — H7 


1 1 T 

117. z 


H26A — C26 — H26C 


1 An c 

109.5 


i~^o t~^c\ 

02 — C8 — C9 


1 AT 1 /I N 

107.1 (3) 


H26B — C26 — H26C 


109.5 


r^o TTO A 

02 — C8 — HsA 


110.3 


N5 — C27 — H27A 


109.5 


C9— C8— H8A 


110.3 


N5— C27— H27B 


109.5 


02— C8— H8B 


110.3 


H27A— C27— H27B 


109.5 


C9 — C8 — H8B 


110.3 


XTC <^ ^ ^ TTT7/~^ 

N5 — C27 — H21L 


109.5 


TTO A /~^0 TTOTl 


1 AO C 

108.5 


TTT7 A /^T7 TTT7/~^ 

H27A — C27 — H27C 


1 AA C 

109.5 


C14 — L9 — CIO 


120.6 (4) 


Ty^TT^ TT'*>T/~* 

H27d — C27 — H27C 


109.5 


ci4 — cy — Co 


IzO.O (4) 






XT 1 XT' 1 /~\ 1 1 

Nl — Nil — Ol — Cl 


3.8 (2) 


XT'^ XT1 /' 

N2 — N 1 — C7 — C6 


1 T A O \ 

179.3 (3) 


or — Nil — Ol — Cl 


—178.2 (3) 


XT- 1 XT1 /~^'7 t~^il 

Nil — N 1 — C7 — Co 


A A f A\ 

0.9 (4) 


02W — Nil — Ol — Cl 


AC H /'~\\ 

95.6 (2) 


r^c r^£. r~^n xti 

C5 — C6 — C7 — N 1 


1 TA /I 

-119 A (3 


OIW — Nil — Ol — Cl 


OA A /'^\ 

-89.0 (2) 


r^£L t~^n xti 

Cl — C6 — C7 — Nl 


A "7 /C\ 

-0.7 (5) 


XT 1 XT' 1 /"x 1 XT * 1 i 

Nl — Nil — Ol — Nil' 


1 "7 "7 AT /A\ 

-111. 91 (9) 


/"^o /^'i /^o r~^c\ 

C3 — 02 — C8 — C9 


1 T A T / A \ 

179.7 (4) 


1 i XT^ 1 1 XT^ 1 i 

or — Nil — Ol — Nil 


A A 

0.0 


02 — C 0 — C9 — C 1 4 


ZT'^ O /C\ 

62.8 (5) 


/"vTxir XT^ 1 /~i 1 xt; 1 i 

02W — Nil — Ol — Nil 


O ^ O 1 /o\ 

—86.21 (8) 


02 — C 8 — C 9 — C 1 0 


1 1 A yl z' yl 

— 119.4 (4 


/"illTT" XT^ 1 1 XT^ 1 i 

OIW — Nil — Ol — Nil 


OA 'I'l i^O\ 

89.22 (8) 


C14 — C9 — CIO — Cll 


A A 

-0.9 (7) 


XT1 XT^ 1 f~^tC 

Nl — Nil — 03 — C15 


A A /I /I A\ 

0.94 (19) 


C8 — C9 — C 1 0 — C 1 1 


1 TO £1 /A 

—178.6 (4 


Ol — JNll — 03 — CIS 


1T7 1/1 /'lOA 
— 1 / /.14 (iBj 


C9 — C 1 0 — C 1 1 — C 1 2 


0.2 (7) 


02W— Nil— 03— C15 


-90.27 (19) 


CIO— Cll— C12— C13 


-0.3 (8) 


OIW— Nil— 03— C15 


93.49 (19) 


Cll— C12— C13— C14 


1.0 (8) 


01— Nil— Nl— C7 


-2.0 (3) 


CIO— C9— C14— C13 


1.6(7) 


03— Nil— Nl— C7 


176.7 (3) 


C8— C9— C14— C13 


179.3 (4) 


02W— Nil— Nl— C7 


-90.3 (3) 


C12— C13— C14— C9 


-1.6 (8) 
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Ol W — Nil — N 1 — C7 




85.2 (3) 


Nil — 03 — C15 — N2 


A A //I \ 

0.0 (4) 


Ol — JNil — JNl — ^Nz 




179.60 (17) 


XT^ 1 /^'J 1 C 1 ^ 

Nil — 03 — C15 — C16 


—179.2 (2) 


03 — ^Nil — Nl — JN2 




1 T /I /I n\ 

—1.74 (17) 


Nl — ^N2 — C15 — 03 


1 Z. { A \ 

-1.5 (4) 


/"V^ITT XT- 1 XT1 XT1 

02W — ^Nll — r\\ — HI 




yi.25 (18) 


Nl — N2 — C15 — C16 


177.8 (2) 


r\^WT XT^ 1 XT1 XTO 

Ol W — Nil — Nl — Nz 




—93.29 (18) 


03 — C 1 5 — C 1 6 — C 1 7 


—170.8 (3) 


XT1 XT'^ 1 c 

C7 — Nl — N2 — C15 




—176.4 (3) 


XT'^ /~^1C /^IZT /"'IT 

N2 — C15 — C16 — C17 


A A /'C\ 

9.9 (5) 


XT- 1 XT1 XT'^ 1 C 

Nil — Nl — Nz — C15 




2.2 (3) 


03 — C 1 5 — C 1 6 — C2 1 


8.6 (5) 


XT- 1 1 1 /^'l 

Nil — Ol — LI — Lz 




\15J (z) 


XT^ /~^1C /^IzT /^'ll 

N z — C 1 5 — L 1 6 — Cz 1 


-170.7 (3) 


XT- 1 i ^\^ r^'~) 
Nil — Ol — CI — Cz 




-1.8 (4) 


Czl — L-lo — Cl / — Clo 


0.0 (0) 


XT- 1 1 1 /^z: 

Nil — Ol — CI — Co 




-A.l (4) 


/^ic /^iz: /^io 

C15 — C16 — C17 — C18 


1 OA A 

—180.0 (3) 


Nil — Ol — CI — Co 




177.80 (19) 


C16 — C17 — C18 — C19 


A A /n\ 

0.0 (7) 


Ol — Cl — C2 — C3 




1 TO 1 \ 

178.1 (3) 


C 1 7 — C 1 8 — C 1 9 — C20 


-0.2 (7) 


f^ii r^t /"'I 
Co — C 1 — C2 — C j 




-1.6 (5) 


Cl / — C18 — C19 — N3 


— 1 /y.O (4) 


C 1 — C2 — C 3 — 02 




—179.7 (3) 


/~\A XT'? 1 n 

04 — N3 — C19 — C18 


—176.6 (5) 


C 1 — C2 — C3 — C4 




1.3 (6) 


XTO 1 A /" 1 0 

05 — N3 — C19 — C18 


3.4 (6) 


C8 — 02 — C3 — C2 




3.4 (6) 


/''\ A XT') 1 A /" /\ 

04 — N3 — C19 — C20 


4.0 (7) 


Co — 02 — C3 — C4 




—177.6 (4) 


05 — N3 — C19 — C20 


—176.0 (4) 


/~<C 

C2 — C3 — C4 — C5 




—0.6 (6) 


^10 r^ic\ ^'^A r^'^i 

C 1 8 — C 1 9 — C20 — C2 1 


A A /TX 

0.0 (7) 


02 — C3 — C4 — C5 




-179.6 (4) 


N3 — C 1 9 — C20 — C2 1 


179.3 (4) 


C3 — C4 — C5 — Co 




0.1 (6) 


C17 — Clo — Czl — CzU 


A A /z;\ 

—0.9 (6) 










1 70 7 (%\ 


C4— C5— 06— C7 




178.5 (4) 


C19— C20— C21— CI6 


0.6(7) 


01— Cl— C6— C5 




-178.6(3) 


C23— N4— C22— 06 


-1.4 (8) 


C2— Cl— C6— C5 




1.1 (4) 


C24— N4— C22— 06 


179.2 (4) 


01— Cl— C6— C7 




2.7(5) 


C27— N5— C25— 07 


-175.0 (7) 


C2— Cl— C6— C7 




-177.6 (3) 


C26— N5— C25— 07 


1.6 (10) 


Symmetry code: (i) -x\-\, - 


-z+1. 








Hydrogen-bond geometry (A, ") 








Cg4 and Cg5 are the centroids of the C1-C6 and C9-C14 rings, respectively. 




D—R-A 




D— H n-A D-A 


jy Yi-A 


OlfF— Hll-06 




0.84 


2.00 2.702 (4) 


1 A(\ 

140 


OlJr- H12- W 




0.84 


1.98 2.674(4) 


1 A 

139 


02ff— H21-0ir 




0.84 


2.40 2.862 (2) 


115 


02ff— H22-N2" 




0.84 


2.43 2.908 (3) 


1 1 7 
11/ 


C2— H2-03' 




0.93 


2.36 3.217 (3) 


1 53 


C18— H18-07"' 




0.93 


2.43 3.257 (6) 


147 


C26— H26fi"05" 




0.96 


2.56 3.320 (8) 


136 


C22— H22^-Cg4 




0.93 


2.95 3.440 (5) 


115 


C23— H23S-Cg5^ 




0.96 


2.94 3.89 (8) 


172 


Symmetry codes: (i) -x+1, -y^l, 


-z+l;(ii) 


-X, -J^l, -z+1; (iii)x-l,>', z; (iv);c+l, j', z; (v) -x+\, -y^l, -z. 
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